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I. INTRODUCTION
Carbon has been found to be the most effective alloying element in changing and improving the mechanical properties of thorium metal. Petersonl reports that additions of carbon to thorium increase the hardness and tensile strength without seriously reducing ductility. The investigation of the solubility of carbon in thorium was undertaken to provide basic information of va.lue 1n understanding the effect of carbon on the physical properties of thorium.
The thorium-carbon system has been investigated by Chiotti, 2 who reports that thorium monocarbide is the stable phase in equilibrium with thorium at room temperature. Thorium and thorium monocarbide are reported to be completely soluble in the liquid and solid states at elevated temperatures. The exact limits of the solubility of carbon in thorium were not extensively investigated, Saller3 investigated the solubility of carbon in thorium and found considerable variation between the results of X-ray diffraction and metallographic examination. His conclusion was that the metallo• graphic results were more accurate.
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II. EXPERIMENTAL A. Preparation of Samples.
The thorium-carbon samples used in this investigation were prepared by arc melting in a water-cooled copper crucible. The crucible was evacuated to less than 0.1 micron and filled with purified helium. A piece of zirconium metal was then melted to remove any oxygen or nitrogen still present in the furnace. The samples, which weighed about 100 grams, were prepared by melting Ames spo~ thorium and dissolving high purity graphite in the molten metal. Each sample was turned and remelted three times to insure homogeneity.
The thorium sponge and the thorium-carbon samples were chemically analyzed for carbon and nitrogen. The thorium sponge contained 0.026 weight per cent carbon and 0.026 weight per cent nitrogen. The average nitrogen content of the seventeen samples was 0.032 weight per cent. The thorium sponge and five thoriumcarbon samples were spectrographically analyzed for eleven different impurities.
B. Heat Treatment.
Samples used to determine the room temperature solubility limit were heated in a quartz tube evacuated to less than 0.02 micron. The samples were held at 900°C for six hours and cooled to room temperature over a period of five days.
A molybdenum tube resistance furnace was adapted to quench samples into molten Wood's metal placed on the furnace base directly beneath the cylindrical heater. The heating was done under a vacuum of 0.4 micron or lower. The samples were supported on a thorium disk which was allowed to fall into the quenching vessel with the samples. Since heating and quenching were done under vacuum and the samples were in contact only with thorium, the chances for contamination of the samples were reduced. The samples were held at temperature for 30 minutes or more before quenching. The Wood's metal was maintained at 80-100°C.
c. X-ray Study.
Lattice parameter determinations were made on a North American Phillips back-reflection camera which has a diameter of 12 em. Samples containing less than 0.1 weight per cent carbon were hotrolled to 1/16 inch sheet and shaped to the circumference of the camera before undergoing heat treatment. Samples containing more than 0.1 per cent carbon were too brittle to roll and blocks 1/16 inch thick and 1/4 inch wide were used in the X-ray camera. In every instance, before the sample was exposed it was vigorously pickled in dilute nitric acid which contained a small amount of hydrofluoric acid. This pickling was performed to remove the surface metal which might have become contaminated during heat treatment.
Thorium oxide lines appeared on most of the X-ray photographs. These lines were more sharply defined than the thorium lines an~ consequently,they could be measured with greater accuracy. Thus, thorium oxide was used as an internal standard to eliminate systematic errors in the determination of the lattice constant. If the thorium oxide lines indicated that there was an appreciable error in a given film, this error was eliminated by a graphical extrapolation against sin2 e.
The samples of thorium containing more than 0.5 per cent carbon were very coarse-grained, particularly when quenched from the higher temperatures. As a resul~ the X-ray diffraction patterns were very spotty and the accuracy of film measurement was poor. Since massive samples were used, there was no way of eliminating this difficulty.
A maximum probable error in the measurement of the lattice constant was calculated from a reasonable assumed error in measuring the film. A larger assumed error was used for samples containing more than 0.5 per cent carbon because of the spotty lines from these samples. The systematic error in many of the determinations was less than this maximum probable error and,in these cases,no correction was made.
D. Metallographic Examination.
The samples for metallographic examination were ground on 320, 400, 500, and 600 grit paper. They were polished with Linde B on Microcloth. Etching was used to improve the contrast between thorium monocarbide and thorium. The presence of thorium ca~bide could usually be detected before etching, but the improved contrast made the pictures clearer. The etching solution was 2 molar nitric acid, 0 . 02 molar hydrofluoric acid, and 0.005 molar thorium nitrate. The etching solution was applied by swabbing for ten to thirty seconds.
III. RESULTS AND DISCUSSION
The spectroscopic analyses of the thorium metal used in preparing the samples and of a number ot the samples are given in Table I . Most of these results are an upper limit since the· ISC-463 actual content was below the limit of measurement of the methods used. The principal difference in purity between these samples and Ames production thorium metal wa:~ :tl tre beryllium content. These samples contain less than 20 ppm beryllium while Ames thorium, due to being melted in beryllia, usually contains 100 ppm or more.
The chemical analyses of the thorium-carbon samples for nitrogen and carbon are presented in Table II . The oxygen content of these samples was not determined but must have been above the solubility limit since thorium oxide was observed in the microstructures of all these samples. The thorium oxide content was probably between one and two per cent. In graphing the results of this investigation, the error in the carbon analysis was assumed to be five per cent of the absolute value of the carbon content. The solid solubility limits of carbon in thorium were established from the X-ray data and confirmed by microscopic examination. The observed lattice constants of the samples after various heat treatments are reported in Table III and are plotted in Figure 1 against the carbon content. The solubility limit at each temperature was taken as the carbon content above which there was no further increase in lattice constant. The experimental error is indicated by horizontal and vertical lines through each point.
The solid solubility limits of carbon in thorium are shown in Figure 2 as a function of temperature. The solubility limits established by X-ray methods were checked by microscopic examination. Thorium carbide could be identified as small particles which tend toward a square form. The thorium oxide particles were much larger and darker in color. Figures 3 and 4 show samples above and below the solubility limit at each temperature. These pictures show the precipitation of thorium carbide in samples above the solubility limits.
An anomalous effect was obseTved in samples which contained less than 0.35 per cent carbon and hence were not saturated with carbon. These quenched samples showed an increase in lattice constant over the slow-cooled samples of the same carbon content, an~ up to 1000°C, the higher quenching temperatures resulted in an increased lattice constant. A similar effect was observed in the increased hardness of unsaturated samples quenched from various temperatures. The most likely explanation is that the samples were saturated with nitrogen at room temperature and heating to higher temperatures caused more thorium nitride to dissolve in the thorium. Thorium nitride has been reported by Chiotti2 to be appreciably soluble in thorium at elevated temperatues.
IV. CONCLUSIONS
The solubility of carbon in thorium was established as 0.35 per cent at room temperature, 0.43 per cent at 800°C, 0.57 per cent at 10l8°C, and 0.91 per cent at 12l5°C. Increasing the carbon content causes an increase in the hardness of thorium by solid solution hardening. An impurity in these samples, believed to be nitrogen, caused an increased lattice constant and hardness of quenched alloys below the carbon solubility limit. 
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